Sn MAS NMR characterization of butylstannonic acid, BuSnO(OH), clearly shows that more than 80% of its tin atoms are six-coordinate, the remaining 20% being five-coordinate. Even though a precise structure cannot be proposed, the 119 Sn NMR parameters indicate strong similarities between the sixcoordinate tin atoms of BuSnO(OH) and those constituting the poles of the oxo-cluster {(BuSn) 12 0 14 (OH) 6 } 2+
INTRODUCTION
Butylstannonic acid, BuSnO(OH), is a well known starting material for the synthesis of many organotin oxoclusters. 1 ' 2 It is also" used, as a catalyst, in transesterification reactions 3 and appears in several patents dealing with the synthesis of polyesters 4 or the extraction of tocopherol (vitamin E) from natural oils. 5 Its synthesis is based on the basic hydrolysis of BuSnClj, 5 but, because of its amorphous nature, its structure remain unknown, even though a better knowledge, at least of the tin environment, could help to understand its catalytic properties. In the sixties, Luitjen has proposed a polymeric structure based on four-coordinate tin atoms, H0-[BuSn(0H)0]"-H. 6 In the seventies, the Mössbauer results obtained by Davies et al. were found consistent with such a structure containing tetrahedral tin atoms, but the possibility of higher coordinations, resulting from associations, was not ruled out. 7 Indeed, the quadrupolar splitting (AEQ) of 1.52 mm/s reported for BuSnO(OH) also fits in the range reported for octahedral monoorganotin derivatives. 7 ' 8 Moreover, if ρ = ΔΕς/δ (6: isomeric shift) is considered as an indication of the tin coordination, 9 BuSnO(OH) exhibits a ρ value of 2.2, 7 which correspond to a coordination greater than four. More recently, Daktemieks et al. have shown that the slow basic hydrolysis of butyltin trichloride yields the oxo-cluster !(BuSn)i 2 0i 4 (0H) 6 }Cl 2 «2H 2 0, which is based on a macrocation containing only five-and six-coordinate tin atoms in equal amounts. 10 Thus, according to the apparent similarities in the syntheses of this oxo-cluster and of butylstannonic acid, even though\this latter compound is barely soluble, we did naively wonder whether the compound of chemical formula "BuSnO(OH)" could indeed just correspond to 1/12 of {fBuSn)i 2 0η(0Η) 6 }(0Η) 2 ·2Η20 > a compound in which the anions balancing the positive charge of the macrocation would be hydroxyls instead of chlorides. Such a substitution of anion seems reasonable to consider as the hydrolysis of BuSn(OPr') 3 yields the compound {(BuSn) 12 0 14 (0H) 6 }(0H) 2 119 Sn MAS NMR, in order to prove or reject our structural speculation on butylstannonic acid.
MATERIALS ANS METHODS
Butylstannonic acid were purchased from Strem Chemicals Inc., Alfa Products or Aldrich. They were used as received. Thermogravimetric analyses were run, under a stream of oxygen and with heating rates of 10°C/min., on a TA instrument STD 2960 analyzer. The 119 Sn MAS (Magic Angle Spinning) NMR experiments were performed on Bruker MSL300 or ASX100 spectrometers (operating at Larmor frequencies of 111.92 and 37.34 MHz for 119 Sn, respectively), both equipped with a 4 mm high-speed Bruker probe (up to 15 kHz). To avoid baseline distortions, which are difficult to correct on spectra containing broad and overlapping resonances, the MAS spectra were acquired using a rotor synchronized Hahn echo sequence (θ -τ -2Θ -τ -acq. ; with T=1/V MA S)· The pulse durations were limited to 2 μβ in order to ensure complete excitation of the spectra. Recycling delays were set to 15 s. The spinning frequencies were stabilized to ±5 Hz.
n9 Sn chemical shifts are auoted relative to Me 4 Sn, using solid tetracyclohexyltin (ö iso = -97.35 ppm) as a secondary external reference.
" 9 Sn Solid State NMR Characterization ofBuSnO(OH) Oxides
The principal components of the n9 Sn shielding tensors were analyzed with WINFIT software using the Herzfeld and Berger approach. 1314 They are reported, following Haeberlen's notation as the isotropic chemical shift (öj s0 = -σ 130 ), the anisotropy (ζ = σ 3 3-σ 18? ) and the asymmetry (η = 102; -a u | /1033 -o iso |), σ π . o 2 2 and σ 33 being the three components of the shielding tensor expressed in its principal axis system with the following convention : | σ 33 -o iso | a | q 1 -a lso | a | σ« -σ 150 1.
12e-15 With this convention, ζ is a signed value expressed in ppm and η is a dimensionless parameter, the value of which ranges between 0 and 1.
RESULTS AND DISCUSSION
The TGA traces of BuSnO(OH) show a weight loss of about 2% from RT to 150°C. This value is in reasonable agreement with the loss of two water molecules (calc. 1.4%) in the speculated formula {(BuSn), 2 0)^(OII) 6 }(OI 1>2-2H 2 0. The total weight loss, measured at 700°C, is 27.8%, in full agreement with the complete conversion of BuSnO(OH) into Sn0 2 (calc. 27.84%). This last feature clearly shows that the studied samples correspond to the formula BuSnO(OH) and not to BuSn0(0H)«xH 2 0, as sometime quoted in catalogs Figure 1 shows the 119 Sn MAS NMR spectra of BuSnO(OH), obtained at a Larmor frequency of 111.9 MHz (B 0 = 7.0 T), for different spinning rate. The isotropic resonances being unaffected by the spinning rate, several overlapping ones can be observed around -460 ppm. An other one can also be easily spot at -238 ppm. However, the spinning side bands, due to the chemical shift anisotropy, associated to the broadness of the resonances make difficult the analysis of the region around -350 ppm. Int / % Coord.
To solve this problem, " 9 Sn NMR experiments were carried out at a lower magnetic field (Bo= 2.3 T) where a spinning rate of 12500 Hz is almost enough to completely average the chemical shift anisotropy. Figure 2 shows the 119 Sn MAS NMR spectrum of BuSnO(OH), at a Larmor frequency of 37.3 MHz, and its simulation which allows the relative quantification of each site. According to the dependence of the U9 Sn chemical shift with the tin coordination, 12 the major resonances, at -439, -461 and -476 ppm, can be unambiguously attributed to six-coordinate tin atoms (CSn0 5 environments). These resonances account for more than 80% of the tin atoms. The resonances at -238, and -284 ppm can be attributed to five-coordinate tin atoms (CSn0 4 environments) . The resonances at -327 ppm is assigned to five-coordinate tin atoms (CSn0 4 ) experiencing an additional remote contact with an oxygen atom. Indeed, such a formal increase of the coordination number from 5 to "5+Γ is expected to shift the resonance toward the low frequencies. Sn NMR isotropic chemical shift around -305 ppm, shifted by 20 ppm toward low frequencies compared to the same five-coordinate tin atoms without such an additional contact. 2 The broadness of this resonance likely illustrates the distribution in distances and geometries of this additional remote contact. Finally, the very weak resonance at -177 ppm is the only one that can be assigned to four-coordinate tin atoms (CSnC>3 environments), and the one at -601 ppm is attributed to a small pollution by tin(IV) oxide whose hexacoordinated tin atoms (Sn0 6 environments) exhibit an isotropic chemical shift of -603 ppm. 16 All these feature unambiguously reject our naive structural hypothesis as any compounds based on the {(BuSn)i 2 OH(OH) 6 } 2+ macrocation should exhibit an equal amount of five-and six-coordinate tin atoms.
2,10 ' 11 '
1 The U9 Sn NMR isotropic resonances being clearly located with the "low field/high speed" experiment, the chemical shift anisotropics of the major resonances were estimated by simulating the spectra which contains spinning side bands. The simulation also allowed us to confirm the proportion of each site. 6 } macrocation. These data show that the Sn shielding tensorial parameters of the six-coordinate tin atoms of BuSnO(OH) fall reasonably well in the ranges observed for the six-coordinate tin atoms of various compounds based on the macrocation {(BuSn)i 2 Oi4(OH) 6 } 2+ . Therefore, the major tin sites of BuSnO(OH) likely correspond to local geometries similar to those encountered at the poles of {(BuSn)i20i4(0H) 6 } 2+ , ie. six-coordinate tin atoms bearing one carbon, two doubly bridging hydroxy groups (μ 2 -ΟΗ) and three triply bridging oxo groups (μ3-0), as schematically shown in figure 4 .
Concerning the use of butylstannonic acid as a catalyst, 3 " 5 the question remains whether its efficiency and selectivity in transesterification is to be related to the more numerous sites, ie. the hexacoordinated ones, or to the less numerous ones, ie. the pentacoordinated. 
